The Australian Government's Coastal Catchment Initiative (CCI) seeks to achieve targeted reductions in nutrient pollution to key coastal water quality hotspots, reducing algal blooms and With a range of BMPs available with varying costs and effectiveness, a Decision Support System (DSS) to guide development of the WQIP and implementation of BMPs to protect receiving waters, is under development. As new information becomes available the DSS will be updated to ensure relevance and accuracy for decision-making and planning purposes. The DSS, calibrated for application in the catchments, will play a critical role in adaptive implementation of the WQIP by assessing the effect of land use change and management interventions on pollutant load generation and by providing a tool to guide priority setting and investment planning to achieve agreed WQIP load targets.
INTRODUCTION
Water quality deterioration in Western Australia (WA) has resulted in algal blooms as a result of nutrient inputs to aquatic systems. Nutrient and sediment transport are attributed to large-scale land clearing for agricultural and urban development, both of which are supported by regular inputs of nutrients from fertilizers and feed. In particular, agricultural development in the south-west of WA over the latter half of the 20th century has contributed to increased nutrient export to waterways mainly because of its extent.
A number of catchments in south western WA have been subject to investigations and management proposals around the issue of eutrophication (Figure 1, Hodgkin & Hamilton 1993; Weaver & Prout 1993) .
Since the 1950s, for example, waterways of the Peel-Harvey Estuary in WA have experienced severe nutrient enrichment as earlier settlement, based on agriculture, cleared and drained the majority of the catchment (Bradby 1997) . Unfortunately even the poorest (sandiest), low doi: 10.2166/wst.2008.276 nutrient retention soils were cleared and brought into production with post war migration and availability of new farming technology. For these reasons, along with the large scale application of fertilisers with high water solubility (superphosphate) since the 1950s, the waterways within the Peel-Harvey catchment began to dramatically deteriorate and by 1968, the area was a eutrophic ecological disaster with massive toxic algal blooms (Cross 1974) . Algal growth has mainly been stimulated by phosphorus (P) which was identified as the limiting nutrient, most (90%) of which entered waterways from sandy soils in the coastal portion of the catchment (Bradby 1997) .
Most catchments are unique and complex, encompassing a variety of land uses, landscape characteristics, soils, climate and vegetation. As a result, some parts of landscapes are more predisposed to nutrient and sediment transport than others. By identifying these critical source areas (Gburek et al. 2000) , future management plans can be targeted to hotspots to minimise offsite impacts and maximise the cost effectiveness of remedial actions.
To reduce the discharge of nitrogen (N) and P to waterways of the Swan-Canning and the Vasse-Geographe catchments (Figure 1 ), a range of projects were funded within the CCI, and include activities to develop, test and implement agricultural BMPs for the control of nutrient export from point and nonpoint sources. These activities build on progress-todate in the nearby Peel-Harvey catchment, which was also a CCI funded project (Figure 1 ).
In the past, various management programmes have been proposed, and implemented to control algal blooms. For example, in the Peel -Harvey an extensive fertiliser management programme designed and implemented by state government agencies to change landholder attitudes and practices was initiated. The Landcare movement also began during this period and this empowered community groups to take action and tackle the problems in their districts (Bradby 1997) . Despite these attempts that relied on the voluntary adoption to improve management practices by landholders, water quality within the catchments did not improve. Other costly ($50M AUD) symptomatic treatments were tried, such as the Dawesville Channel constructed in 1992. The channel was constructed to increase flushing to the ocean whilst altering the salinity regime so that the aquatic environment would no longer be suitable for toxic algae to flourish. Despite these efforts nutrients continue to be lost from the catchment into the rivers and estuaries today. Algal blooms and fish kills occur in lower river reaches and closure of river tributaries to recreation activities is more common, and beneficial uses continue to decline. It is clear from this history of management effort that voluntary approaches have not resulted in required outcomes , and engineering solutions alone have not been able to achieve outcomes. A mix of measures is more likely needed, including regulation and certification schemes, and a more considered approach to the adoption of BMPs, including better guidance to the cost effective placement of these actions. This paper introduces the CCI funded activities currently being undertaken in the Swan-Canning and the Vasse -Geographe catchments, and uses the Peel -Harvey as a case study to highlight the some activities, relevant findings and approach. 
METHODS

Catchment management environment
Overview of BMPs
For nutrient management plans to be effective at a farm level and in a watershed context, BMPs should first be assessed and developed at a small scale in the watersheds of concern. This assessment is underway as part of the SwanCanning and Vasse-Geographe CCI programs. Previously, typical BMPs considered for adoption or having undergone field assessment at a small scale in south-west WA include soil amendments , effective fertiliser management (Summers et al. 2000) , riparian management (McKergow et al. 2003) , perennial pastures, irrigation and effluent management. In addition, the relative costs and water quality benefits of BMP implementation were assessed to identify the most cost effective BMPs and whether they can be spatially optimised .
The effectiveness of BMPs can vary for different locations and conditions as indicated by riparian management research in the Peel -Harvey which showed P reductions of 30 -60% (Cronin 1998) , and research in the Albany Harbours catchments which showed no P reduction, but large (90%) suspended sediment reduction (McKergow et al. 2003) . Therefore, where possible locally derived data on costs and effectiveness should be used to evaluate BMPs in a watershed context. An alkaline residue from bauxite processing (AlkaloamY) has significant P retention capacity and provides production benefits (Summers et al. 2001) . The capacity of AlkaloamY to reduce P loss ranges between 30 and 60% depending on application rate and is expected to require replacement about every 10 years.
Perennial pastures appear to offer an opportunity to reduce nutrient loss whilst increasing farm productivity through high water use, deeper rooting systems and lower nutrient requirements (Knight 1990) . Previous research has 
RESULTS AND DISCUSSION
Nutrient use efficiency
The nutrient balance information collected during the CCI programme revealed that a range of nutrient use efficiencies for different land use types exist with many showing high levels of nutrient use inefficiency. Nutrient use efficiency varied within and between land uses, with the most efficient nutrient users being the more intensive land uses such as feedlots and poultry farms that did not involve grazing activities connected with the landscape . The median P NUE for grazing systems ranged between 16% for cattle for beef and 26% for cattle for dairy. Phosphorus NUE greater than 50% were found for feedlots and poultry with annual and perennial horticulture, horses and viticulture recording P NUE of less than 10%. Whilst P NUE varied between and within land use, there were some statistically significant differences. When combined, these industry specific P NUE signatures provided estimates of nutrient flows and stores within the Peel -Harvey catchment by way of a Sankey diagram (Figure 3 ). This catchment scale analysis indicated an overall P NUE of around 20%, and that the equivalent of the annual fertiliser P inputs was surplus to production requirements each year. Whilst significant amounts of P were stored in the sandy soils of the catchment each year (, 6 kgP ha 21 yr 21 ), a catchment scale weighted average of 3.4 kgP ha 21 was lost from the edge of paddocks. Much of this was stored in the stream network so that a catchment scale weighted average of 0.5 kgP ha 21 was delivered to the estuarine system.
Guiding priorities for BMP implementation
There are a range of criteria that could be used to provide guidance over which BMPs are implemented, and where.
These criteria can include, but are not limited to: † Water quality targets, as indicated by median concentrations and reductions in loads; † Cost benefits of various BMPs; † Effectiveness of BMPs in reducing nutrient loads to estuaries; or † Combinations of these criteria.
An approach using one or more of the above criteria may help land managers to focus on activities that will provide the largest P reductions, and concurrent economic returns to land managers. In the Peel-Harvey, concentration of effort on riparian management seems to have provided little improvement in water quality (, 5%), whilst overall incurring ongoing economic costs ). This small improvement in water quality is partly due to low adoption rates, and also because the chosen practices were relatively ineffective and costly. Simple modelling indicates that up to a 70% reduction in P discharge is possible through the use of other conventional practices including perennial pastures and the use of soil amendments, whilst improving the economic outlook for landholders implementing BMPs . These generalisations need to be more spatially optimised so that landholders can make BMP choices informed by desired outcomes. Figure 4 shows the preferred location of different BMPs based on a combination of the cost effectiveness of each BMP type, and the degree to which each BMP in each subcatchment reduces the P load to the Peel -Harvey estuary. Choosing alternative criteria will provide a different result, and it is here where it is important to understand the motivations of landholders in making decisions, and other stakeholders' priorities for outcomes. Information of the type provided here can assist in promoting a dialogue to reconcile these priorities.
Current work
Similar approaches to that described for the Peel-Harvey work will be applied to the Swan-Canning and VasseGeographe areas. Local data about these catchments will be incorporated to acknowledge the differences between catchment locations and landscapes and to provide indicative or relative information to guide decisions on nutrient management. To date the Swan-Canning and Vasse-Geographe areas have been surveyed to provide information on current levels of BMP adoption and farm-gate budgets. In addition to DSS development to guide priorities for BMP implementation in these catchments, a monitoring programme of BMPs over a 2 year period will occur as part of an adaptive approach to nutrient management in these catchments.
CONCLUSIONS
The work of the Peel -Harvey CCI provides some guidance to implementing BMPs for nutrient management, dependent on different stakeholders' perspectives. Clearly where diffuse pollution dominates it is not sufficient to rely on individuals to develop management systems, and a more considered structured framework is required to achieve large scale environmental improvements. Additionally, and as is being carried out in new work, performance monitoring is required to allow for continual improvement and opportunities to adapt to appropriately monitored BMPs as they are implemented over time.
